I want to start with two quotations. Sir Solly Zuckerman in an Address on 'Science in the Arena' given at the Royal Institution in April 1967, said ' We live in a period of uncontrolled and accelerating change, an age in which technology has raced ahead, and in which hallowed social values have tumbled'. The second quotation comes from the evidence which the Association of University Teachers (AUT) submitted in 1964 to the Committee, of which I was Chairman, which produced the report on Audio-Visual Aids to Higher Scientific Education. The quotation relates to the attitude of university teachers to modern aids. In its evidence the Association stated: ' With some notable exceptions among individuals and groups of enthusiasts, most university staff seem apatbetic towards, and even unaware of the potential use of such aids at least of the more sophisticated kind: it is often assumed that their chief value and proper place are confined to elementary, secondary and, perhaps, adult education. Amongst those members of staff who are neither enthusiastic nor apathetic there is a great deal of (often, but not always, ill-informed) suspicion of "devices" and "machines" as substitutes for, and hence a threat to, the university teacher .... the average university teacher thinks of the audio-visual aid as a useful but minor auxiliary to the lecture and seminar, and tends to overlook the arrival in recent years of audio-visual aids, such as the film, closed-circuit television and the teaching machine, which are, or may be, media of communication in their own right'.
Members of the medical profession can be in no doubt about the effects of accelerating changes in technology on many branches of medicine and surgery, nor, indeed, can those members of the general public who watch such illuminating programmes as 'Medicine Today' on television. Despite the conservatism to which the AUT referred, I am sure most are aware of the increasing use which is being made today of modern aids and media in medical teaching. In these days when there is a shortage of teachers at all levels we need not concern ourselves with the thought that aids of any kind constitute a threat to the security of the university teacher in any discipline, least of all, in medicine. The value and importance of the teacher, especially the intelligent, imaginative and perceptive teacher, remain unchallenged. For centuries he has been the principal, if not the sole, medium of instruction, and even today he remains the focal point of educational work in all its complex and varied aspects. As one Russian writer has expressed it: 'The education and instruction of the rising generation cannot be reduced to the mechanical transmission of knowledge, habits, skills and standards of behaviour. This is a complex, many-sided process, and the teacher is its keystone. Technical media are but instruments in his hand.'
Unfortunately not all university teachers have the attributes of the good teacher, but even if they had most teaching can be improved by the use of modern aids for, as we all know from observation, they can enliven instruction by apt and telling illustration and by the magnification of detail, they can enlarge its range and appeal, they can improve understanding by simple repetition, and they can allow students to progress at a rate which conforms with their natural aptitudes. Equally important, they make it possible to present the best teachers to large audiences and to re-allocate a teacher's work so that the best use is made of his time and energies. No profession today knows this better than the medical profession which, because of the complex nature of the information and skills it has to impart, has a long and fine tradition of incorporating into its teaching the less sophisticated aids, such as the three dimensional model and the two-dimensional illustration of complex movements and relationships. Endowed with two hands, the teacher, especially the teacher who is imparting skills, has from time immemorial been able to say to his pupils 'do it like this', and the learner has been able to apprehend a complete physical movement. When an operation or a process to be imitated is so complex that its separate parts can be identified and isolated, demonstration, first of the parts and then of the whole, have helped both teacher and learner. With the production of manuscripts, and later with the printing of books, illustrations became incorporated in the text, in the form of line drawings and lettered and figured diagrams. When this stage was reached, learners could be remote in place and time from the teacher, with the result that their numbers increased greatly.
The academic has always tended to revere the book, and has accepted it not only as the means for recording original thought, but as the carrier or transmitter of knowledge. Those who believe in the value of modern aids and media maintain that the ability to record on discs, films and videotapes is simply an extension of this facility in a scientific age. Indeed there are obvious cases in which society as a whole, as well as special interests within society including the academic, may find that there is an intrinsic economy in the use of such media. In the same way as the printing press extended enormously the storage and distribution of knowledge, so the newer resources of this second half of the century can be the means of opening up new communication channels here and throughout the world. We live in an age of great potential, and we must learn to harness this potential for the benefit of society, and especially for those who are to serve society in positions of special responsibility. Faculties of medicine have been doing this for many years, and my Committee formed the clear impression that they had led the way in the use of audio-visual aids.
There have been four generations of educational aids and media. The first, the one with which we of an older generation are most familiar, includes such forms of written work as charts, maps, models and blackboard illustrations. These have long been absorbed into the art of teaching and, because they are so familiar, we tend to think of them as part of teaching itself and not as aids. I emphasize this because the newer aids are often the same in principle. What is new is their degree of sophistication as the products of modern technological advances. The early aids antedate mass communication and are distinguished from later forms in that they require no machine or electronic device. The second generation began with the development of printing, with the introduction of a machine into communication and presentation, with the result that great books of ideas became textbooks. The teacher had no longer to be present in person, for the printing press carried enormous teaching power over the world and over the centuries, and for the first time universal public education, world literacy and political participation became a possibility.
The third generation media came into being when man developed the machine and introduced it into the communication process, first to see for him, then to listen, and finally to see and listen. The result was the still photograph, slides, film strips, silent motion pictures, radio and television. The fourth and current generation of media depends on communication between man and machine. Here we have programmed selfinstruction (or programme learning), language laboratories (or language learning rooms), and electronic digital computers. With this range and variety of aids and media at his disposal it is difficult for even the apathetic to continue to believe that ideas and skills cannot be communicated more effectively than they were in the past. We are only beginning to understand the use of these media: their academic possibilities have hardly been realized. The widespread adoption of modern audio-visual media will call for a new approach both to teaching and to learningfor some of these, especially television, could prove to be powerful catalytic agents throughout our educational system.
It is not possible at present to measure in any quantitative sense the value of a visual aid, but we do know that the ability to teach develops and grows most effectively in those who experiment with methods, techniques and equipment. They accept the philosophy that 'where there is freedom to experiment there is hope to improve'. Their enthusiasm for experiment is an expression of their desire to serve their pupils more adequately.
The Newer Aids and their Uses The overhead projector might be looked upon as the twentieth century version of the old chalkboard. Because it offers a wide scope for invention, while providing a basic service in the classroom, the overhead projector is considered by many to be the simplest and most versatile of present aids. Its first and most obvious advantage is that it enables the teacher to be in continuous and unbroken contact with his class and, like all good visual aids, it enables a teacher to present at will a pertinent illustration large enough for a whole class to see easily. It gives clear images even in well-lit rooms, it can project transparencies of various kinds, or show moving diagrams and models, and it can, at need, project certain types of experimental demonstrations as and when they are performed. It is, moreover, the ideal link with closed-circuit television. It is one of the most convenient of aids, for it enables a teacher to present his material in a better and more understandable form than he could otherwise. One of the most elegant demonstrations of the versatility of the projector I have seen was given at the Walter Reed Army Medical Center at Washington where, by the use of overlays prepared by the medical illustration section of the Center, the intricacies of a complex structure were most effectively demonstrated by the simple device of superimposing an ordered sequence of overlays or transparencies. In this way the complexity of the structure was built up step by step into a complete picture.
The use offilm in teaching: We should remember that present-day students have become accustomed from childhood to learn from audio-visual media as readily as we of an older generation did from books. Since this is so, university teachers should ask themselves whether some of the ideas which they wish to convey could not be better expressed by a medium such as film or television rather than by the printed word. The evidence of students themselves is of interest. In the field of experiments and demonstrations the reaction of students to film was sometimes one of suspicion. Many know of trick photography and its capabilities, and they were not always convinced by the perfect experiment or operation as shown on film. A live television demonstration or a smaller and simpler one on an overhead projector carries much more conviction. Other students thought that film could improve and add to the scope of teaching. They cited particularly schools of medicine and dentistry where, for example, they had seen teaching films used to supplement practical experience in hospitals. When put to proper use in a suitable context these students claimed that films enabled more to be learnt in less time and with improved retention. They considered that films often stimulated the student to pursue his studies with greater independence (they could, they claimed, arrange to have the film run through a second or even a third time) and that the film was often as effective as a teacher for the communication of factual knowledge and the application of principles. But they added some important provisos. The first andQmost important was that film commentaries should be minimal, and should in no way replace later discussion and criticism. Others were that the value of a film for teaching purposes rests on the correct correlation between audio and visual effects, so that neither the ear nor the eye is overloaded with impressions, and that the rate at which information is presented should be suited to the audience for whom it is intended.
Some of the major objections to films, especially commercially-produced teaching films, are that they are often too long, that they contain all kinds of irrelevancies introduced for different kinds of viewers, or for as large an audience as possible. We know that teachers, whether of medicine or any other discipline, have no wish to hand over a lecture to an impersonal voice and the long film is, therefore, often thought to have only a limited value. There is a tendency even among those who use films to restrict them to those occasions when they want their students to hear the views of a well-known authority, or when they feel that only by film demonstration could some skill or technique be shown adequately.
There is the danger, common to both film and television, that they might be misused through regarding them as substitutes rather than aids. Film should not be used to show common observations and experiments which the student should, and could, make for himself. On the other hand a film demonstration of an experiment or of an operation which has some special significance is eminently suitable. It is essential that those who make films should bear in mind from the outset both the particular audience for which the film is intended and the exact purpose it is designed to achieve. Films can properly and effectively be used to introduce a subject, for revision, to show students how to carry out a particular procedure or to explain why they should adopt a particular course of action; to increase experience by demonstration; to illustrate the relationships and the differences between different objects by comparing them on a screen; to arouse or rekindle an interest in a particular subject when enthusiasm has waned, and to review the knowledge of a subject, e.g. showing symptoms, treatment and outcome of a case or a disorder. Films clearly have a particular and special value in the teaching of those topics which require time-lapse or highspeed photography, for the presentation of animated diagrams and for illustration where colour is important.
When the members of my Committee were at the University of Newcastle we saw a film made in the Department of Photography, which was a clinical record of the progress of two patients from uncontrolled stuttering to coherent speech. The film here seemed to be the ideal medium, for it is difficult to see how the progression could have been recorded so effectively in any other way. At the Dental School at Glasgow we were greatly impressed by the clarity of animated diagrams which formed a film sequence illustrating the insertion of a hypodermic needle into the root canal of a patient's tooth. These are but two examples. I might add here that the three main uses of film in dentistry are: (1) As a microscope to show details of technical procedures, (2) as a means of recording unusual and rare cases, and (3) in orthodontics, where lengthy procedures which take 2 or 3 years may be recorded in a short film.
Films like those I have mentioned, made by the specialist in charge, are much more useful than those produced commercially. Unfortunately there is a great shortage of good and even of suitable films in all disciplines. If a film is to be of real value for teaching purposes it must be made either by, or under the direct supervision of, a teacher who is to use it. To be of value to other institutions it is preferable for the film to be of the type which carries two sound tracks, one optical for the original commentary and the other magnetic for the use of those teachers who prefer to make their own comments. The latter is easy to erase. Where a film has no sound track, a com-mentary on a separate tape may be synchronized with the film if necessary. The very short film, which is meant to illustrate a part of a lecture, can be produced easily by a teacher skilled with a camera; the making of a longer film is not only time-consuming but requires training and skill, and few university teachers can achieve the professional 'finish' which is expected by our 'picturate' present-day students.
Although the long film has its place in higher education it has obvious disadvantages. It is difficult to fit into the restricted time available for teaching; it is expensive to make or to buy; all too often it contains material which is irrelevant or is too complicated to be assimilated in one showing and generally it requires the attendance of a projectionist. Of far greater potential value are the short films and loops used in the cassetteloaded projector.
Particularly useful is the 8 mm cassette projector, which became available in 1962, and which, as yet, has not won the place it deserves among the newer aids. Its special merit is that it has solved the problem of the projection of short films (maximum running time 41 minutes) and loops in the classroom, for it enables the teacher to introduce an illustration at any stage of the lecture and to repeat it as often as required. Among those teachers who are familiar with them these short, single-concept films must surely win increasing support in the future because, unlike ordinary films, they are inexpensive, and adequate collections could readily be built up in university libraries or even in individual university departments.
The Photographic Department of Guy's Hospital Medical School has carried out experiments on the relative value of films made in the Department, basing its evaluations on returns to questionnaires and on the students' practical work. It became clear that there is a need in medicine for extremely short films which illustrate one single phase of a phenomen or event, or one particular aspect of a technique. Examples of this are three separate sequences which have been made on the subject of cardiac arrest. The first shows a heart beating normally, the second the beat in atrial arrest, and the third the heart in ventricular fibrillation. Each sequence is of only fifteen seconds' duration and the three are joined together to form a loop for a cassette.
During a visit to the Bethesda Naval Hospital in Washington my colleagues and I saw some excellent film which had been produced from video-taped material. A great advantage of this method of film production is the economy both in time and money. When a course of lectures or a seminar is televised or recorded on tape, the taped recording should be transferred on to film if it is thought likely to be of permanent value. A further economical source of film is broadcast medical material recorded on video-tape. This source, of course, can only become available by arrangement with the broadcasting companies. The news (released in February 1967) that the BBC intends to make more of its televised programmes available for sale on film is one of the most heartening developments in audio-visual aids and one which was strongly urged by my Committee. Although the use of films is well known their value and potential in higher education have not yet been fully realized. It may not always be possible to communicate as subtly and as unambiguously by pictures as by words. As Coleridge said: 'A picture is that midway somewhat between a thought and a thing.' Yet, as films and television become the chief means of public communication in society, more and more of the population, and especially the young, are becoming as 'picturate' as they are literate.
The more modem media include programme learning and closed-circuit television.
Programme Learning
Programmed instruction, unlike media such as projection aids, film and television, can more appropriately be described as an aid to the student in learning rather than to the teacher in teaching.
A good programme provides the student with all the information that a conventional lecture would contain and it presents the material in the carefully-prepared logical sequence of a good teacher. Samuel Johnson held that lectures had become obsolete with the invention of printing. Boswell, in his 'Life of Johnson', records: 'Lectures were once useful; but now, when all can read, and books are so numerous, lectures are unnecessary.
If your attention fails, and you miss part of a lecture, it is lost; you cannot go back as you can upon a book.' Although there are some Johnsonians in our universities today, according to the Hale Report 'the overwhelming weight of opinion ... is that the lecture has an essential function, and could not be replaced by reading combined with teaching by discussion'. One important justification advanced for the central position given in universities to the lecture is the immaturity of undergraduates, who, it is thought, learn more readily by listening than by reading. But students are of many kinds and some may learn factual material more easily from programmes than from lectures. The essence of programme learning is that the student is presented with a continuing series of small items of written information. The form of the presentation is such that it ensures that progress from one step to the next is achieved. The student proceeds at his own rate of assimilation, and obtains his immediate reward. In class teaching the teacher who presents his material at such a rate that all can understand and assimilate it is inevitably moving too slowly for his ablest students. If he increases his tempo he runs the risk of leaving behind those who learn more slowly. Even the brightest students sometimes find that they miss a particular idea in a lecture, with the result that the rest of it may remain incomprehensible. This could not happen with programme learning. There is a Chinese proverb: 'I hear and I forget; I see and I remember; I do and I understand'.
The real advantage of programmed instruction to the teacher is that it relieves him of that section of his work which a good programme can do just as well, and so allows him more time to devote to those aspects of his work which he alone can do. The most important of these is face-to-face confrontation with the student, either in small seminars or in an individual student-tutor situation. The time for this small-group or individual tuition is obtained from the time the teacher saves in lecture preparation, in the actual delivery of lectures and in marking scripts. It is often said that no programme ever completely meets the requirements of the individual teacher, any more than any textbook does. The answers to this kind of objection are: (1) It is not suggested that programmed instruction should completely replace lectures and other forms of teaching.
(2) The teacher should deal with particular problems and difficulties in seminars and tutorials. (3) Many programmes are presented in such a way that it is not difficult for a teacher to modify them if he wishes or to substitute programmes of his own.
One of the main advantages of programmed instruction is that it permits a redeployment of staffa redeployment which enables staff to teach more efficiently and more effectively. Programmed instruction and closed-circuit television, used in conjunction with the more traditional methods of teaching, could enable institutions of higher education to use their staff to better advantage than they do now, and, at times of staff shortage, with fewer staff. With closed-circuit television outstanding teachers could reach much larger audiences. By these means students would come to lectures more suitably and more uniformly prepared than is now possible and the effectiveness of both programmed instruction and closedcircuit television could be ensured and enhanced by a much larger proportion of tutorial work than is possible today. Many teachers of medicine are concerned about the amount of factual material which an undergraduate must learn. Why should not somepossibly a substantial amountof this be made available in the form of programmes?
There are two major forms of programmed instruction, linear and branched programmes. In linear programmes the content of each unit (or 'frame') of the programme is small, and so simply presented that wrong answers are rare. It is a basic tenet of the psychology underlying the system that success shall be achieved and so provide a motivation for continued effort and application. Another basic tenet is that there shall be prompt assessment and 'reward'; that is, the student is immediately able to assess his answer by comparison with the correct one, and thus derives prompt satisfaction from the success of his efforts. Programmed material may take the form of a book in which the correct answers are normally covered with a mask, which can be removed after the student has made his response. Alternatively, the material may be presented in a device called, somewhat unfortunately, a 'teaching machine' (it is this more than anything else which has led to the misleading phrase 'teaching by machine') in one form of which a roller moves the student's answer until it is under a transparent cover, when the correct answer and the next step in the programme are revealed.
The programme material must be presented in a logical sequence, with the steps so arranged that a successful answer is virtually inevitable and a skilful matching of every step (or frame) with the natural response of the student. Programme writing is a skilled and time-consuming operation, and even when it is completed it is essential for each new programme to be 'validated', that is, tried out on a typical group of students, modified as necessary, retried and adapted until an acceptable and reliable programme is achieved. It is not unusual for a programme which will occupy an average student for one hour to take twenty to forty hours to construct.
Up to now, programmed instruction has been mainly used in the early and rather elementary stages of a subject, but this reflects a too limited view of its use. At Harvard it is used at quite advanced levels. One of its most interesting examples is a linear programmed textbook of over 700 pages on neuro-anatomy for fifth year students. This book, which covered half of the full course, had been written jointly by two young brothers, one a professor of neuropathology and the other of psychology. It had taken two and a half man-years to produce and in three years had undergone four major revisions. One of the authors explained that the programme had been designed to supplement and not to replace lectures, and that it enabled him and others to know whether the student was working or not.
If programmed instruction is well conceived and carefully tested it has an important part to play in higher education. The main body of research in programmed instruction has taken place in the United States but there is still the need for universities, medical schools and other institutions of higher education to examine the possible uses of programmed instruction in their respec-tive spheres. Such research should include computer-based teaching machines and should involve the use of programmed instruction as part of the planned application of teaching aids. The possibility of using these new tools to make the maximum and most efficient use of teaching staff in a period of rapid expansion should constantly be borne in mind. Faced with a major shortage of suitable programmes, there is the need for a planned development in all areas of higher education including medicine. University departments should conduct in-service courses in programmed instruction and in programme writing, and thus increase the supply of good programmes. It is important that teachers should be released for this kind of training, and that institutions of higher education should consider offering some programmed courses especially for first-year students. Not only would such courses help undergraduates to acquire a common core of knowledge but they might also help to prevent some of the student wastage that occurs in most universities at the end of the first year.
Closed-circuit Television
Television is a powerful and influential medium of mass communication. When discussing TV it is important to distinguish between broadcast or 'open-circuit' television received on domestic sets and 'closed-circuit' television (CCTV) which is restricted to, and can be received only by, specific audiences. The former involves multi-directional radiation over a considerable reception area, the latter is a system of private television using a highly directional transmission link, either in the form of a very narrow beam of radiation which can be received only by means of a highly directional receiving system or a coaxial cable linking the camera directly to the receiver. Most of us are familiar with the merits of broadcast television and it might be useful if I concentrated on closed-circuit television.
The uses of closed-circuit television fall into the main categories of: (1) Magnification of detail, so that students can view in comfort, and under conditions of lighting which make possible the taking of notes. (2) Illustration of remote objects which are in confined spaces, or are dangerous or difficult to move. (3) Unobtrusive observation.
(4) Economy of staff. (5) Monitoring research procedures; and teaching increased numbers of students in overflow classes.
The use of CCTV as an aid to, or a medium for, teaching may require some of the expertise of broadcast television. Exactly what elements of good broadcasting will best help CCTV must be established by careful investigation and experimentation. In addition, the technique of using other audio-visual aids in conjunction with CCTV could be examined with profit. Simple investiga-tion may help to decide when to use CCTV, where and how to place monitor screens, whether transmitted signals should originate in a central studio or in a lecture room or laboratory, and the effectiveness of one, two, or more cameras. Underlying the use of CCTV may well be a stratum of studio or viewing experience of broadcast television. No user of CCTV can be completely ignorant of the achievements of broadcasting. The success in particular of medical, scientific and technological programmes may prompt an investigation into the general technical problem of piping successful broadcast television programmes from video-tape recordings, from films into CCTV.
In any discussion of CCTV or broadcast television it is important to remember that a generation of students has grown up with television which expects a visual element in teaching while their professors, of an earlier generation, may not feel a similar need. Here are some examples of the use of CCTV which I and members of my Committee saw some two years ago.
Closed-circuit television was used at Leeds and found to be of considerable value in the teaching of anatomy to both medical students and nurses.
Eighty students in a well-lit theatre were able to watch X-ray examinations which would otherwise be seen with difficulty by only three or four students. At Birmingham the staff of the Department of Radiology were very enthusiastic about the use of CCTV in the teaching of a wide range of radiological material, and a radiologist at the Children's Hospital found it invaluable in pediatric radiology, where radiographs are usually small. In physiology CCTV can be used for magnifying phenomena taking place in a minute area to large classes (50 to 100), to demonstrate experiments taking place in confined spaces where students cannot assemble, and for lowpower microscope demonstrations where it has some advantage over microprojectors for moving objects. The inconvenience of darkening a room, which is essential for a similar demonstration on film is avoided. In pharmacology CCTV can be used not only for showing detail to large audiences, but also for enlarging by means of a suitable lens details which are too small for the naked eye to see.
The magnifying power of television is its obvious value in surgery but there is the added advantage of a lower risk of infection by limiting the numbers present in an operating theatre.
In his stimulating and imaginative writings on 'Aims in Education', A N Whitehead (1929) said:
'Any serious fundamental change in the intellectual outlook of human society must necessarily be followed by an educational revolution.' We, today, are living through such an educational revolution.
